ABSTRACT: Corn ethanol plants consume large amounts of corn and their location has the potential to alter local crop prices and surrounding agricultural land values. The relationship between ethanol plant location and agricultural land prices is examined using data obtained from the Agricultural Credit Survey administered by the Federal Reserve Bank of Kansas City. The findings indicate that the portion of land price changes attributable to location is consistent with previous estimates of basis changes associated with ethanol plant location. As a result, the land markets appear to be rationally adjusting to the location of ethanol plants.
The Impact of Ethanol Plants on Cropland Values in the Great Plains
In 2006, ethanol production emerged as a dominating influence on the U.S. farm economy. Changes in U.S. energy policy in 2005 bolstered the demand for ethanol. In 2006, the surge in crude oil and gasoline prices boosted ethanol profits. The result was a perfect storm for the farm community, where ethanol production and bio-fuels fueled sharp gains in corn prices that spilled over into other agricultural commodities. As expectations of higher crop prices over the long-term began to form, farmland values began to rise.
Farmland is by far the largest asset on the farm balance sheet accounting for roughly 86 percent of farm assets in 2007.
1 As a result, understanding changes in farmland values is critical to understanding the behavior of farmers and the financial performance of the agricultural sector.
Although a number of studies have examined the economic impacts of ethanol production, few have explicitly examined how ethanol production has impacted land values.
Ethanol production can increase farmland values by increasing the demand for agricultural crops and the expected returns to cropping. In fact, after jumping in the fourth quarter of 2006, both spot and futures prices for corn have remained well above historical levels.
Because land is a capital or long-term asset, its value is derived from the discounted value of future earnings that it can be expected to produce. As a result, even small changes in the expectations of these returns can result in large changes in the value of farmland. Alternatively, if one views the recent price changes as transitory, they would have a relatively modest impact on the value of farmland. In order for these expectations to be capitalized into farmland values, the gains must be expected to persist over the long term.
Given the recent increases in farmland values, there is evidence that the rise in corn prices has been capitalized into farmland values across the country. By increasing the returns to corn production, all other commodities must compete for acreage with corn, resulting in higher price levels of other commodities. These higher crop prices should be reflected in higher land prices across the country.
However, ethanol production should also be expected to have a spatial impact on land value gains. Ethanol is produced in relatively large plants that create a relatively large local demand for corn. Economic theory would suggest that the presence of a large local demand such as an ethanol plant should impact local basis patterns (McNew and Griffith, 2005) . Decreases in the basis would increase the returns to crop production in the area around the plant. (1) ( )
In this formulation, the value of farmland at time t is defined by today's expectations (E t ) over the future returns to farmland, r, and the discount rate δ.
In the context of this paper, the parameters of interest are those that impact farmers' expectations of the returns to farmland, namely, the impact of higher commodity prices and changes in local basis levels. To the extent that higher commodity prices are experienced by all farmers, these impacts should be felt equally across the entire farm sector. However, the impacts of ethanol production on local basis patterns would be expected to vary with the proximity to an ethanol plant. If farmers believe that price changes associated with tighter local basis levels are permanent, they will cause increases in land values. This fact allows us to relate the relative magnitude of land price changes associated with ethanol production to the implied rates of basis changes. These basis changes are then compared to those available in existing literature.
The rise in ethanol production has stimulated a host of economic studies on the ethanol industry. Among other things, some of these studies examined issues related to the economic feasibility of producing ethanol (Eidman, 2007; Gallagher, 2006; Gallagher, Shapouri, and Brubaker, 2007) and the economic impacts of ethanol production (Parcell and Westhoff, 2006; Swenson 2007) . More relevant to the determination of land values is the impact of ethanol production on local commodity prices. At this point there appear to be two studies that are directly relevant to how ethanol production would impact land values near an ethanol plant. McNew and Griffith (2005) cents per bushel over the 150 square mile region around a plant. However, they also noted that the price increase tended to be greater at the location of the plant. In this case, the average impact was a $0.125 per bushel higher price, with a range of $0.046 to $0.193 per bushel. Given the magnitude of these price changes, one might expect that the local impact on land values would be substantial. For instance, using the valuation model in (1) and assuming a 4 percent discount rate, a national corn yield of 150 bushels per acre, and a permanent $0.125 per bushel price increase, the value of land near an ethanol plant could be expected to increase by $468.75 per acre. were influenced by local surpluses of grain and the presence of export demand. They found that some Iowa ethanol plants showed increased basis levels that were in relationship to truck transportation costs to the plant. However, in other cases they found no change in basis levels associated with the plants. They attribute these differences to the modes of transport available at the demand center, specifically whether the demand center is near a terminal market.
The findings of these studies would seem to indicate that one should expect some basis changes near ethanol plants. As a result, one would expect to find that ethanol plant locations would have some impact on land values. However, both studies point out that the magnitude of basis changes can be quite variable and dependent upon a variety of factors including proximity to terminal market points. At this point it is an open empirical question as to the extent to which an ethanol plant would impact land values. However, given the importance of land values to the financial health and soundness of the farm sector the question is of great importance. We are currently unaware of any studies which have explicitly examined the impact of ethanol plant location on land values.
Empirical Model and Results

Economists have used hedonic models to analyze various market characteristics
influencing farmland values. These models relate variation in a number of characteristics to the price of farmland. In general, studies have identified a variety of factors that consistently impact the value of farmland. These factors include the agricultural productivity of farmland, the presence of urban influences, and recreation and amenity factors. In order to estimate the impact of ethanol production on land values it is important to control for these factors. The next section describes some of the characteristics that have frequently been found to impact land values. It should also be noted that farmers are assumed to be price takers so that the overall impact of ethanol production on land values that arises from increased commodity prices is assumed to impact all agricultural lands.
Empirical research confirms that farmland values are based on the productivity and the resulting economic returns from agricultural production. A large number of studies have analyzed the capitalization of agricultural income streams into farmland values (Barnard et al. 1997; Burt 1986; Castle and Hoch 1982; Chavas and Shumway 1982; Featherstone and Baker, 1987; Herriges et al, 1992; Just and Miranowski, 1993; Moss, 1997; Miranowski and Hammes, 1984; Phipps, 1984 , Weersink et al 1999 . Several of these studies have used hedonic price models to analyze the economic impact of agricultural income streams derived from the market and from government payments.
Various studies have found that urbanization factors influence farmland values (Chicoine, 1981; Clonts, 1970; Dunford et al, 1985; Folland and Hough, 1991; Reynolds and Tower, 1978; Shi et al, 1997; Shonkwiler and Reynolds, 1986, Livanis et al 2006) . These studies also used hedonic price models and cross-sectional data to analyze the spatial variation in farmland values.
In general, they found that the potential for urban development was being capitalized into farmland values as regions closer to large and growing urban centers experienced higher land values.
Recreation and amenity characteristics have been found to influence property values, primarily residential property, with a few studies analyzing the impact of amenities on farmland values. Using a hedonic price model, residential properties in Maryland were found to be higher in areas with more open space (Irwin and Bockstael 2001, Irwin 2002) . Using data on Texas and
Wyoming land values, other studies have found land values to be higher in areas with scenic views and more plentiful wildlife amenities (Pope, Adams, and Thomas 1984; Pope 1985; Bastian et al. 2002; Henderson and Moore 2006 ).
The empirical model in the following equation is used to analyze farmland values,
LV = f(A, U, R, E)
where LV is land value, A is a vector of agricultural characteristics including ethanol plant location, U is a vector of urbanization measures, R is a vector of recreation or amenity characteristics, and E is a vector of characteristics associated with ethanol plant location. 4 The proximity to urban areas was measured by identifying metropolitan counties and non-metropolitan counties adjacent to metropolitan areas with dummy variables, (METRO) and (ADJACENT), respectively.
Farmland Values
5
Amenity Factors
USDA natural amenity data were used to derive a variable to measure recreation and amenity characteristics in local markets. The standardized z-scores of topography and surface water area were summed to create an overall measure of natural amenities (AMENITY). 6 Places with more abundant natural amenities are assumed to have higher probability of recreational activity. In the Kansas City Federal Reserve District, counties with higher levels of amenity values had more farms earning recreation service income in 2002. Table 1 provides descriptive statistics for the data used in the empirical model.
Ethanol Plant Location
Proximity to ethanol plants was measured as the Euclidian distance between ethanol plant locations and the bank location of survey respondents (E DIST
)
Empirical Results
The empirical model was applied to 219 survey responses from agricultural bankers that Empirical results indicate that the empirical model has relatively good fit ( Table 2 ). The models were found to be statistically significant with adjusted R-square measures ranging from 53 percent to 58 percent. Multicollinearity does not appear to be a problem as most of the variance inflation factors were below two. The exception was crop and government revenues per acres where variance inflation factors where above seven.
Most of the independent variables were found to be statistically related to non-irrigated A second series of regression models were estimated using the same formulation as in Table 2 miles from a plant would be worth $107 less than a tract next to the plant. 11 As a result, it would appear that the presence of competition due to multiple plants in a given area can have a strong impact on land value changes.
The spatial relationship between farmland values and ethanol plant locations is expected to be driven by changes in local crop basis patterns. In efficient markets, the basis is expected to be based on transportation costs. As a result, transportation costs or the avoidance of grain shipping costs are expected to explain the most of the relationship between cropland values and the distance to ethanol plants. Gallagher, Wisner and Brubaker (2005) 
Conclusion
The recent surge in ethanol production has fueled higher corn prices and led to higher crop prices as the market bid for production acres. Higher crop prices quickly translated into higher farmland values across the country, but the magnitude of these gains were highly variable. 
